Abstract-The effect of material, thickness and the magnitude of heat generated by microcombustor on heat distribution along thermal spreader for thermoelectric power generator are investigated. Impact of various materials and physical properties was studied upon sample 3 cm × 3 cm. The effect of thermal conductivity, specific heat capacity and thickness towards temperature uniformity of thermal spreader is observed. The result provides temperature profile of the thermal spreader dependencies of the source of heat. Results show that copper is the best thermal spreader material for thermoelectric power generator.
INTRODUCTION
Electrical power generation based on heat has a great potential as an alternative power source for electronic devices, which nowadays are dominant by batteries. Heat can be converted into electricity through several methods such as micro-thermodynamic machines (e.g. micro-turbines and miniature internal combustion engines) and solid-state direct energy converter (e.g. thermoelectric and thermophotovoltaic) [1] .
The combustion-based micro-power generation system is considered one of the most promising alternatives for portable power generation because of its high power density compared with traditional batteries. High energy density leads to increased lifetime and reduced weight of electronic or mechanical systems that currently use batteries for power generation. In the past decade, many studies have focused on the development of combustion-based micro-power generation systems utilizing hydrocarbon or hydrogen as fuel [2] [3] . However, in most cases, they remain in the feasibility stage.
Generally, the aim of the system is to generate power in the range of a few watts to milliwatts. Power generation in the watts range offer multiple applications, such as for electronic devices and miniaturized mechanical systems, whereas power generation in the milliwatt range can be applied primarily for microelectronic components [4] .
To directly produce electrical power without any movements in components, the micro-combustor integrated with thermoelectric, piezoelectric, thermophotovoltaic, or thermoionic elements is proposed. If refers to all developed systems, thermoelectric module combined with a microcombustor system, is found to produce the most appropriate and promising portable power generation result [5] . In the last decade, many studies have focused on developing the thermoelectric power generator (TPG) integrated with microcombustor [7] [8] [9] [10] [11] .
Power generation and energy conversion via thermoelectric material seem the most promising and practical approach because thermoelectric power generator system does not contain any mechanical parts, silent in operation, very reliable [12] and does not require extreme operating temperature [13] . On the other hand, thermoelectric can convert any source of heat such as from hydrocarbon fuel combustion [14] , radioisotope [15] , engines [16] and stove [17] to a reliable electrical power supply.
Advanced thermoelectric devices comprise of special n and p semiconductor materials which are connected thermally in parallel and electrically in series. Optimal and maximum power output from the thermoelectric device can be obtained when the difference in temperature between thermoelectric two faces is maximized and when the temperature across the thermoelectric hot face is uniform at the maximum allowable temperature and International Conference on Electrical, Control and Computer Engineering Pahang, Malaysia, June 21-22, 2011 the temperature across the cold side face is uniform at the lowest practical temperature [18] . The temperature uniformity is ensured by placing metal thermal spreader at both sides of the thermoelectric surfaces [19] . It also reduces hot and cold spots across the thermoelectric surfaces [20] . Furthermore, thermal spreader can be used to enhance thermal uniformity when the size of the device to produce heat source is smaller than the size of thermoelectric material [14] .
In this work, the effect of thickness, specific heat capacity and thermal conductivity to the temperature uniformity of thermal spreader is investigated. The mutual relation between the magnitude of heat source and thermal spreader temperature profile is also studied.
II. PROCEDURE Table 1 show the properties of materials which would be used as thermal spreader in this study [21] . These materials have been selected because it has significantly high thermal conductivity value, readily available in the market and inexpensive.
The study has been divided by two methods: calculating the rate of heat transfer across the thermal spreader, the amount of heat required to heat the thermal spreaders and the thermal diffusivity for each thermal spreader material by using mathematical formulation and simulating the temperature distribution of thermal spreaders by using the educational package of CoventorWare 2010 software. In both methods, the thermal spreader width and length are fixed to 3 cm [18] . 
A. Mathematical Formulation
The rate of heat transfer per unit area indicates how easy the heat to flow through a thermal spreader either from heat source to thermoelectric cell or from thermoelectric cell to the heat sinks. The rate of heat transfer per unit area, q • could be obtained by using
where Q
• is the rate of heat transfer, k is the thermal conductivity, A is the thermal spreader area, x is the thermal spreader thickness, t hot and t cold are the thermal spreader's hot and cold sides temperature.
The energy required to change a thermal spreader by one degree temperature is the other important parameter because this value indicated the loss in the system. The energy required to heat the thermal spreaders to certain temperature can be obtained using
where Q is the amount of heat (Joule), m is the mass (kg), c is the specific heat energy of thermal spreader and θ is the change in temperature (°K).
Thermal diffusivity, D is an indicator of how quick a body can change its temperature. It increases with the thermal conductivity, k and it decreases with the specific heat capacity, c and density, ρ.
The magnitudes of heat transfer per unit area and the amount of energy required to heat the thermal spreader to certain temperature for various thickness, material properties and temperature were calculated. The magnitude of thermal diffusivity for various thermal spreader materials was also computed.
B. Simulation using CoventorWare2010
The geometry (3-D model) for investigation is illustrated in Fig. 1 . The outlet dimension of heat source is: length, 2 cm; width, 2 cm and thickness, 1 mm. Material and thickness of the thermal spreader have been varied so that the patterns of temperature profile have been obtained. The effect of the magnitude of heat generated by the heat source to the temperature distribution across the thermal spreader was also being simulated. Fig. 2 shows the magnitude of the rate of heat transfer for different thermal spreader materials. The magnitude of heat transfer per unit area is distinct with one to another thermal spreader material due to its thermal conductivity value (Table  1) . Copper shows the highest rate of heat transfer per unit area while stainless steel has shows the lowest. Thermal spreader with high heat transfer rate per unit area is important because huge energy can be transfer from the heat source to the thermoelectric device. Thus, its result high electricity generated. The rate of heat transfer per unit area decreases with the increase of thermal spreader thickness. This is due to the rate of heat transfer is inversely proportional to the thermal spreader thickness (see Equation 1 ). 1). This result depicts that thermoelectric system should be capable of producing a large temperature gradient between the heat source and heat sink in order to generate more power. Fig. 4 shows the amount of heat used to heat various thickness thermal spreaders from room temperature (25 °C) to the maximum allowable temperature for thermoelectric device (250 °C) [18, 19] . Result shows that large amount of energy is necessary to heat stainless steel and copper to 250 °C compared to the energy required by silicon. The energy required to heat silicon is the least because silicon has the lowest density compared to the other materials. With the same volume, the mass of silicon is the least thus the energy required to heat it is the lowest because the energy is directly proportional with the thermal spreader mass (Equation 2)
A. The Rate of Heat Transfer per Unit Area

B. Heat Required to Heat the Thermal Spreaders
Another important observation in Fig. 4 is energy increases as the thermal spreader thickness increases. It is because as the thickness increase, the mass of the thermal spreader increase. Thus, the amount of energy will also increase. The amount of heat required to heat the thermal spreader is the loss in thermoelectric system because heat is wasted to heat the thermal spreader to high temperature. Thermal spreader with low energy (to heat it) is important to reduce the heat loss in the system. 5 shows the amount of energy required to heat 1 mm thick thermal spreader from room temperature (25 °C) to various temperatures. Result shows that much higher energy is required to heat the thermal spreaders to much higher temperature. This is due to the law of conversi since energy is proportional to the change in thermal spreader (Equation 2). Fig. 6 shows the thermal diffusivity va thermal spreader materials (Table 1) . It can b thermal diffusivity value for copper is the high the other materials. The transfer heat across which eventually can increase the out thermoelectric power generating system. Fig. 6 the amount of thermal diffusivity increases conductivity of thermal spreader increases. Fig . 7 shows the temperature distribution p thermal spreaders materials. The temperature graph are measured along the centre of the th In this simulation, the heat source in Fig. 1 The temperature result for co shown in Fig. 8 . Temperature at th constantly decreases towards its edg Figure 9 . Temperature distribution profile function of thickness (heat gener Fig. 9 shows the temperature thickness copper thermal spreader heat generated from heat source ( shown that the temperature uniform spreaders thickness increases. How thermal spreader's temperature is mass of thermal spreaders increases Thus, much high amount of heat is r spreader to much higher temperature Fig. 10 shows the relationship b heat generated by the heat sourc temperature profile. For this simulat thermal spreader is fixed to 1 mm. spreader thickness is set to pper has the most uniform le for copper thermal spreader opper thermal spreader is e middle is the highest and ges.
C. Thermal Diffusivity
e for copper thermal spreader as ration, 1000 pW/µm 3 ) e distribution of different with the same amount of (1000 pW/µm 3 ). It can be mity increases as the thermal wever, the drawback is the decrease. It is because the s as the thickness increases. required to heat the thermal e (Equation 2).
between the magnitudes of e to the thermal spreader tion, the thickness of copper It can be observed that the temperature distribution uniformity decrease as the magnitude of heat generated by the heat source increases. 
IV. CONCLUSIONS
Various thermal spreaders were analyzed in this study. The physical and material properties are greatly influencing the thermal spreader temperature uniformity. Among of the analyzed material, copper gives the most uniform temperature distribution compared to the other materials even though it requires a significantly large amount of energy in order to heat it to the maximum thermoelectric operating temperature. Here, we suggest to use copper as the thermal spreader for thermoelectric power generator because copper can produce uniform temperature distribution and can transfer heat much faster from the heat source to thermoelectric element and from thermoelectric element to the heat sink. From the results, it shows that thermoelectric power generator has a great potential to be fabricated in silicon level size.
